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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applcaflons 
This application is a continuation-in-part of U.S. utility application serial numl)er 
09/454.139, attorney docket number 25791.3.02. filed on 12/3/1999. wt4ch dalmed the 

5 bendK of the filing data of U.S. provisional patent application serial number 

60/1 1 1 .293, attorney docket number 25791 .3. filed on 12/7/1998. the disdosuies of 
which are incorporated herein by reference. 

This appiteatton is related to the foHowing: (1 ) U.S. patent application serial no. 
09/454,139, attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 

10 applkation serial no. 09/510,913. attorn^ docket no. 25791.7.02. filed on 2/23/2000. 
(3) U.S. patent appiicatkm serial no. 09/502.350, attorney docket no. 25791 .8.02. filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440.338, attorney docket no. 
25791.9.02, filed on 11/15/1999. (5) U.S. patent application serial no. 09/523.460. 
attorney docket no. 25791 . 1 1 .02, filed on 3/1 0/2000, (6) U.S. patent application serial 

15 no. 09/512,895. attomey docket no. 25791 .12.02, filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/51 1 ,941 , attomey docket no. 25791 .16.02, filed on 2/24/2000, 
(8) U.S. patent application serial no. 09^8.946. attomey docket no. 25791.17.02. filed 
on 6/7/2000, (9) U.S. patent application serial no. 09/559.122. attomey docket no. 
25791 .23.02, filed on 4/26/2000, (1 0) PCT patent appltaatfon serial no. 

20 PCT/USOO/18635, attomey docket no. 25791 .25.02, filed on 7/9/2000, (11) U.S. 

provisional patent application serial no. 60/162,671 , attomey docket no. ^791 .27, filed 
on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047. attomey 
docket no. 25791 .29. filed on 9/16/1999. (13) U.S. proviskMial patent applk»tion serial 
no. 60/159.082. attomey docket no. 25791 .34, filed on 10/12/1999. (14) U.S. 

25 provisional patent applteatlon serial no. 60/1 59,039, attomey docket no 25791 .36. filed 
on 10/12/1999. (15) U.S. provistonal patent applicatton serial no. 60/159.033. attomey 
docket no. 25791 .37. filed on 10/12/1099. (16) U.S. proviskvial patent appHcatton serial 
no. 60/212.359. attomey docket no. 25791 .38. filed on 6/19/2000. (17) U.S. provisional 
patent applteatlon serial no. 60/165.228. attomey docket na 25791.39. filed on 

30 11/12/1909. (18) U.S. provisional patent applicatkm serial no. 60/221.443. attomey 
docket no. 25791 .45. filed on 7/28/2000, (10) U.S. proviskMial patent appltoation serial 
no. 60/221.645, attomey docket no. 25791.46. filed on 7/28/2000, (20) U.S. provistonal 
patent applicatkNi serial no. 60/233,638. attom^ docket no. 25791.47. filed on 
9/18/2000, (21) U.S. provistonal patent application serial no. 60/237.334. attomey 

35 docket no. 25791 .48. fitod on 10/2/2000, and (22) U.S. provisional patent applteatton 
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serial no. 6(V262,434. aUorney docket no. 25791.51, filed on 1/17/2001, the disdosures 
of which are incorporated herein by reference. 

Background of the Invention 
This invention relates generally to weiilwre casings, and in particular to welllx)re 
5 casings that are formed using expandable tut)ing. 

Conventkmally, when a weilbbre is created, a numt)er of casings are installed in 
the borehole to prevent collapse of the borehole wail and to prevent undeslred outflow 
of drilling fluM into the fbrmatton or infkaw of fluid from the fbrmatk^n Into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed in a lOMrer 

1 0 borehole interval is lowered through a pravtously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval Is of 
smaller diameter than the casing of the upper Interval. Thus, the casings are in a 
nested anangement with casing diameters decreasing In downward direction. Cennent 
annul! are provkled between the outer surfaces of the casings and the borehole wall to 

15 seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the welibore. Such 
a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 

20 cement hardening, required equipment changes due to large variations in hole 

diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present Invention Is directed to overcoming one or more of the limitations of 
the existing procedures for forming new secttons of casing in a vmllbore. 
25 Summary of the inventkxn 

According to one aspect of the present inverrtibn, an apparatus for fomning a 
welibore casing in a borehole located in a subterranean fbrmatton including a 
preexisting weilbore casing is provMed that includes a support memt>er Including a first 
fluid passage, an expanston cone coupled to the support member Including a second 
. 30 fluki passage fluMidy coupled to the first fiuid passage, an expandable tubular liner 
movably coupled to the mpansion cone, and ah expandable shoe coupled to the 
expandable tubular liner. 

According to another asped erf the present invention, a shoe is provided that 
indudes an upper annular portion, ari intemiediate annular portton, and a lower annular 
35 portion. The intermediate annular portion has an outer drcumference that is larger 
than the outer drcunrrferences of the upper and tower annular portions. 
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Acoonting to another aspect of the present invert 
\ivellt)orB casing In a subtenranean formation having a preexisting wellbore casing 
positioned in a borehole is provided that includes installing a tubular liner, an expansion 
cone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 
5 injectbig a fluldic material into the shoe, and radially expanding at least a portion of the 
tubular liner by injecting a fluidtc material into the borehole below the expansion cone. 

According to another aspect of the present invention, an apparatus for fonming 
a wellbora casing in a subterranean formation having a preexisting wellbore casing 
positioned in a borehole is provUed that includes means for Installing a tubular liner, an 
10 expansion cone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

Accenting to another aspect of the present invention, an apparatus for fonming 
a wellbore casing within a subterranean formation including a preexisting wellbore 

15 casing positioned In a borehole is provided that includes a tubular liner, and means for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting wellbore casing. The irmide diameter of the radially expanded tubular liner 
is substantially equal to the inside dianteter of a non-overiapping portion of the 
preexisting wdlbore casing. 

20 According to another aspect of the present invention, a wellbore casing 

positioned in a borehole within a subterranean formation is provided that Includes a first 
wellbore casing, and a second wellbore casing coupled to and overlapping with the first 
wellbore casing. The second wellbore casing is coupled to the first wellbore casing by 
the pnx:ess oK installing the second wellbore casing, an exparision cone, and a shoe In 

25 the borehole, radially expanding at least a portion of the shoe by injecting a fluldic 
material into the shoe, and radialjy expanding at least a portion of the second wellbore 
casing by injecting a fluldic material into the txxfehole below the expansion cone. 

Aooonfing to another aspect of the present Invention, a method of forming a 
tubular stnidure in a subterranean fonnation having a preexisting tubular menrd^er 

30 positioned in a borehole is provided that Includes installing a tobular liner, an expansion 
cone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 
injecting a fluldic material into the shoe, and radially expanding at least a portton of the 
tubular liner by injecting a fluldic material Into the borehole below the expansion cone. 
Acooniing to another aspect of Vhe present invention, an apparatus for fonming 

35 a tubular structure in a subtenranean formation having a preexisting tubular member 
positioned in a borehole 16 provided that includes means for installing a tubutar liner, an 
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expansion oone, and a shoe in the borehole, nneans for radially expanding at least a 
portion of the shoe, arul nmuns ft>r radially expanding at least a portion of the tutxjiar 
liner. 

According to another aspect of the present Invention, an apparatus for fonning 

5 a tubular stmclure within a subterranean fbnmation Including a preexisting tubular 
mennber posittoned In a borehole is provided that includes a tubular liner and nneans for 
radially expanding and coupling the tubular liner to an overlapping portion oT the 
prsexistlng tubular member. The inside diameter of the radially expanded tubular liner 
is substantially equal to the Inside diameter of a non-overlapping portion of the 

10 preexisting tubular member. 

According to another aspect of the present invention, a tubular structure 
positioned In a borshcrfe within a subtenanean fbnmation provided that includes a first 
tubular mennber and a second tubular member coupled to and overiapping with the first 
tubular member The second tubular member is coupled to the first tubular member by 

15 the process of: Installing the second tutHJIar member, an expansion cone, and a shoe 
In the borehole, radially expanding at least a portion of the shoe by injecting a fiuldic 
material into the shoe, and radially expanding dt jeast a portion of the second tutHJiar 
member by irijeding a fluidic material into the borehole below the expansion cone. 

Brief Description of the Drawings 

20 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-secUonal view illustrating the placement of an 
embodiment of an apparatus for creating a mono-diameter wellbore casing within the 
new section of the well borehole of FIG. 1 . 

25 FIG, 2a Is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 2. 

FIG. 2b Is a cross-sectional view of anc^r portion of the shoe of the apparatus 
of FIG. Z 

FIG. 2c is a cross-sectior^l view of another portion of the shoe of the apparatus 
30 of FIG. 2. 

FIG. 2d Is a cross-sectional view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2e is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 2a 
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FIG. 3 is a fragmentaiy cross-sectional view iDustrating tiie injection of a 
hardenat}le fiuidic sealing material thiou^ the apparatus and Into the new section of 
the well borehole of FIG. 2. 

FIG. 3a Is a cross-sectionai view of a portion of the shoe of the apparatus of 

5 FIG. 3. 

FIG. 3b is a croes-sedional view of a portion of the shoe of the apparatus of 
FIG. 3a. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a fiuidic 
material into the apparatus of FIG. 3 in order to fluididy toiate the interior of the shoe. 
10 FIG. 4a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is.a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG. 5 is a cross-sectional view illustrating the radial expansion of the shoe of 

15 FIG. 4. 

FIG. 6 is a cross-sectional view illustrating the lowering of the expandable 
expansion cone Into the radialiy expanded shoe of the apparatus of FIG. 5. 

FIG. 7 is a cross-sectional view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 6. 
20 FIG. 8 is a cross-secHonal view llustrating the bijection of fiuidic material into 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 9 is a qoss-eecHonai view ilhjstrating the completion of the radiad 
expansion of the expandable tubular memtser of the apparatus of FIG. 8. 

FIG. 10 is a cross-secUonai view illustrating the removal of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 9. 

Fl6. 11 Is a cross-sectional view illustrating the formation of a monoHliameter 
welibore casing that includes a plurality of overiapping mono-diameter welibore 
casings. 

FIG. 1 2 is a firagmeniary cross-sectional view illustrating ttie plaoement of an 
30 altemativa embodiment of an apparatus for creating a mono-cHameter welibore casing 

within the weHbore of FIG. 1. 

FIG. 12a is a crossrsecttohai view of a portion ofthe shoe ofthe apparatus of 

FIG. 12. 

FIG. 12b is a cross-sectional viww of a portion (rf the shoe of the apparatus of 
35 FIG. 12. 
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FIG. 12c is a cross-sectional view of another portion of the shoe of the 
apparatus oF FIG. 12. 

FIG. 12d is a crosS'^ecllonal view of another portton or the shoe of the 
apparatus of FIG. 12 

5 FIG. 1 3 is a fragmentary cross-sectional view illustrating the injection of a 

hardenable fiuidic sealing material through the apparatus and into the new section of 
the well t>orehoie of FIG. 12. 

FIG. 13a Is a ooss-eecUonal view of a piortlon of the shoe of the apparato 
FIG. 13. 

1 0 FIG. 14 is a fragmentary cross-sectional view illustrating the injection of a flutdic 

material Into the apparatus of FIG. 1 3 in onjer to fluldidy isolate the interior of the shoe. 

FIG. 14a is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 14. 

FIG. 15 is a cross-sectional view illustrating the radial expansion of the shoe of 
15 FIG. 14. 

FIG. 16 is a cross-sectional view illustrating the lowering of the expandable 
expansion cone into the radially expanded shoe of the apparatus of FIG. IS. 

FIG. 17 is a croas-aectional view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 16. 
20 FIG. 18 is a cross-sectional view Illustrating the irijection of fiuidic material Into 

the radially expanded shoe of the apparatus of FIG. 17. 

FIG. 19 is a cross-sectionai view illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 18. 

FIG. 20 is a cross-secttonal view illustrating the renwval of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 19. 

Detailed Description of the Illustrative Entbodiments 
Referring inltiaily to FIGS. 1 . 2, 2a. 2b. 2c 2d, 2e. 3. 3a, 3b. 4. 4a, 4b, and 5- 
10, an embodbnent of an apparatus and method for fbnmlhg a monoKliametBr wellbcra 
casing within a subtermnean fomnation will now be described. As illustrated in Rg. 1 , a 
30 weliboro 100 Is positioned in a subterranean fonmation 105. The wellbore 100 includes 
a pre-existing cased section 110 having a tubular casing 115 and an annular outer 
layer 120 of a fiuidic sealing material such as, for example, cement. The wellbore 100 
may be positioned In any orientation from vertical to horizontal. In several altemative 
embodiments, the prs-existing cased section 1 10 does not include the annular outer 
35 layer 120. 
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In order to extend the wetlt)ore 100 into the subterranean fomiation 105, a drill 
string 125 is used In a well known manner to drill out material from the sutrtenanean 
formation 105 to form a new welltxra section 130. In a prefened emlxxJiment, the 
inside diameter of the new wielltxm section 130 is greater than the inside diameter of 
5 the preexisting wellbore casing 115. 

As iil(j»trated In FIGS. 2. 2a, 2b, 2c, 2d. and 2e, an apparatus 200 for fomnlng a 
welltiofe casing in a subterranean formation is then positioned in the new section 130 
of the wellbore 1 00. The apparatus 200 preferably includes an expansion cone 205 
having a fluid passage 205a that supports a tubular member 210 that includes a lower 
10 portion 210a. an intemnediate portion 210b, an upper portion 210c. and an upper end 
portion 21 Od, 

The expansion cone 205 may be any number of conventional commercially 
available expansion cones. In several alternative embodiments, the expansion cone 
205 may be controllabiy expandable In the radial direction, for example, as disclosed in 

15 U.S. patent nos. 5,348,095, and/or 6,01 2,523, the disclosures of which are 
incorporated herein by reference. 

The tubular member 210 may be fabricated from any number of conventional 
commercially available materials such as, for example. Oilfield Country Tubular Goods 
(OCTG), 13 chromium steel tubing/casing, or plastic tubing/casing. In a prefened 

20 embodiment, the tubular member 21 0 Is fabricated from OCTG in order to maximize 
sfrength after expansion. In several altemative embodiments, the tubular member 21 0 
may be solid and/or slotted. For typical tubular member 210 materials, the length of 
the tubular member 210 is preferably limited to between about 40 to 20,000 feet In 
length. 

25 The lower portion 210a of the tubular nriember 210 pref^ 

inside diameter than the upper portion 210c of the tubular member. In a prefenred 
embodiment, the wall thldcness of the intemnediate portion 210b of the tubular member 
201 Is less than the waH thickness of the upper portion 210c of the tubular member in 
order to facilitate the initiation of the radial expansion process. In a pr^rred 

30 embodiment, the upper end portion 210dofthetiAxjlarnmTiber 210 is sl^^ 

perforated, or otherwise nrxxlified to catch or slow down the expansion cone 205 when 
It completes the extrusion of tubular member 21 0. In a preferred embodiment, wall 
ttiidcness of the upper end portion 21 Od of the tiibutar member 210 is gr^ually tapered 
in order to gradually reduce the required radial expansion forces during the latter 

35 stages of the radial expansion process. In this ntanner, shodc loading conditions 
during the latter stages of the radial expansion process are at least minimized. 
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A shoe 215 is coupled to the lower portion 210a of the tubular member. The 
shoe 215 includes an upper portion 215a. an intermediate portion 215b. and lower 
portion 21 5c having a vaiveabie fluid passage 220 that is preferably adapted to receive 
a plug, dart or other stoiiar element for oontioilably sealing the fluid passage 220. 

5 this manner, the fluid passage 220 may be optimaHy sealed off by introducing a plug, 
dart and/or bail sealing elements Into the fluid passage 220. 

The upper and lower portions. 21Sa and 215c of the shoe 215 are prefer^ 
substantially tubular, and the intennediate portion 215b of the shoe Is preferably at 
least partially folded inwardly. Furthenrare. in a prBferred embodiment, when the 

10 intennediate portion 215b of the shoe 215 is unfdded by the application of fluid 

pressure to the interior region 230 of the shoe, the inside and outside diameters of the 
intennediate portion are preferably both greater flian the inside and outside diameters 
of the upper and lower portions, 215a and 215a In this manner, the outer 
drcumference of the intermediate portion 215b of the shoe 215 is preferably greater 

15 than the outside circumferences of the upper and lower portiore. 215a and 215b. of the 
shoe. 

In a prefeoed embodiment, the shoe 21 5 further includes one or m«e through 
and side outlet porte in fluidic communication with the fluid passage 220. In this 
manner, the shoe 215 optimally Injects hardenabte fluidic sealing material into the 

20 region outelde the shoe 21 5 and tobuiar member 210. 

in an alternative embodiment, the flow passage 220 is omitted. 
A support member 225 having fluid passages 225a and 225b Is coupled to the 
expension cone 205 for supporting the apparatus 200. The fluid passage 22Sa is 
prrtiBrably fluididy coupled to the fluid passage 205a. In this manner, fluidic materiale 

25 may be conveyed to and from the region 230 below the expansion cone 205 and above 
the bottom of the shoe 21 5. The fluid passage 225b is preferably fluMidy coupled to 
the fluid passage 225a and includes a conventional control valve. In this manner, 
during piaoement of the apparatus 200 wRhin the weHbore 100. surge pressures can be 
reHeved by the flidd passage 225b. In a prefened embodiment, the support member 

30 225 further Indudes one or more convenUonaloentrailzers (not IRustrated) to help 
stabilize the apparatus 200. 

During piaoement of the apparatus 200 within the welibore 100, the fluid 
passage 225a is preferably selected to transport materials such as, for example, drilling 
mud or fonnatton fluids at flow rates end pressures renging from about 0 to 3.000 

35 gaHons/minute and 0 to 9.000 psi in order to minimize drag on the tobuiar member 
being mn and to minimize surge pressures exerted on the welibore 130 which could 
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cause a loss of weilbore fluids and lead to hole collapse. During plaoennent of the 
apparatus 200 within the weilbore 100, the fluid passage 225b is preferably selected to 
convey fluidic materials at flow rates and pressures ranging from about 0 to 3,000 
galionsAfninute and 0 to 9,000 psi in order to reduce the drag on the apparatus 200 

5 during insertion into the new section 130 of the weilbore 100 and to minimize surge 
pressurss on the new weilbore section 130. 

A cup seal 235 Is coupled to and 8U|:qX)rM by the support rnerr^ The 
cup seal 235 prevents fbrsign materials fipom entering the interior region of the tubular 
member 210 adjacent to the expansion cone 205. The cup seal 235 may be any 

10 number of conventional commerdally available cup seals such as, for example, TP 
cups, or Selective Injection Padcer (SIP) cups modified in accordance with the 
teachings of the present disclosure, in a preferred embodiment, the cup seal 235 is a 
SIP cup seal. avail^>ie from HalDburton Energy Services in Dallas, TX in order to 
optimally block foreign material and contain a body of lubricant In several alternative 

15 embodiments, the cup seal 235 may include a plurality of cup seals. 

One or more sealing niembers 240 are preferably coupled to and supported by 
the exterior surftice of the upper end portion 210d of the tubular member 210. The 
sealing members 240 preferably provide ah overiapping joint between the lower end 
portion 11 5a of the casing 1 1 5 and the upper end portion 21 Od of the tubular member 

20 210. The sealing members 240 nf)ay be any number of conventional commerdally 
available seals such as, for exarTH>le, lead, rubber. Teflonj or epoxy seats modified in 
accordance with the teachings of the present disclosure, in a preferred embodiment, 
the sealing members 240 are molded from Stratalock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a load bearing Interference 

25 fit between the upper end portion 210d of the tubular member 210 and the lower end 
portion llSa of theexisting casing 115. 

In a prefened embodiment, the sealing membens 240 are seleded to optimally 
provide a sufficient frictional force to support the expanded tubular member 210 from 
the existing casing 115. In a preferred embodiment, the frictional force optimally 

30 provided by the sealing members 240 ranges from about 1 ,000 to 1 ,000,000 Ibf in 
order to opUmaliy support flie expanded tubular member 21 0. 

In an altomatlve embodiment, the sealing memt>ers 240 are omitted from the 
upper end portion 210d of the tubular member 210, and a load bearing metal-to-metal 
interference fit is provided between upper end portion of the tubular member and the 

35 lower end portion 1 1 5a of the existing casing 1 1 5 by plastically defbnuing and radially 
expanding the tubular member into contact with the existing casing. 
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In a preferred embodiment, a quantity of lubricant 245 is provided In the annular 
region above the expansion cone 205 within the interior of the tubular nnember 210. In 
this manner, the extrusion of the tubular member 210 off of the expansion oone 205 is 
facilitated. The lubricant 245 may be any number of ran^ntional oomfmrdally 

5 avidlabie lubricants such as, for example, laibripbtadilori^ based lubricants, oil 
based kJbrtoanteorClimax 1500 Antisieze (3100). In a preferred ennbodinnent, the 
lubricant 245 Is Qbnax 1500 Anfisieze (3100) avaDatHe from aimax Lubricants and 
Equipment Co. In Hoiteton. TX in order to optimally provkto optimum lubrication to 
fsdiitate the expansion process. 

10 in a preferred embodiment, the support member 225 is thoroughly cleaned prior 

to assembly to the remaining portions of the apparatus 200. In this manner, the 
introducUon of foreign material into the apparatus 200 is minimized. This minimizes the 
possibility foreign material clogging the various flow passages and vakes of the 
apparatus 200. 

15 In a preferred embodiment, before or after positioning the apparatus 200 within 

the new section 130 of the welibore 100, a couple of wellbore volumes are drcuiated in 
order to ensure that no foreign materials are located within the welibore 100 that might 
dog up the various flow passages and valves of the apparatus 200 and to ensure that 
no foreign material interferes with the expansion process. 

20 As illustrated in FIGS. 2 and 2e, in a prefmed emkxxliment, during plaoement 

of the apparatus 200 within the welibore 100, flukflc nnaterials 250 within the welibore 
that are displaced by the apparatus are at least partially conveyed through the fluid 
passages 220, 205a, 225a. and 225b. in this manner, surge pressures created by the 
placement of the apparatus within the welibore 1 00 are reduced. 

25 As niustrated in FIGS. 3, 3a. and 3b, the fluid passage 225b Is then closed and 

a hardenaUe flukflc seaHng material 255 is then pumped from a surface, location into 
the fluid passages 22Sa and 205a. The material 255 then passes from the fluid 
passage 205a into the interior region 230 of the shoe 21 5 below the expansion cone 
205. The rnaterial 255 then passes from the interior regton 230 into the fluM 

30 220. The material 255 then exite the apparatus 200 and fills an annular region 260 
between the exterior of the tubular member 210 and the interior wail of the new section 
130 of the wellbore 100. Continued pumping of the material 255 causes the matertel to 
fill up at least a portion of the annular region 260. 

The material 255 is preferably pumped into the annular region 260 at pressures 

35 and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1,500 

gallons/min, respectively. The optimum flow rate and operating pressures vary as a 
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function of the casing and welll)ore sizes, vvellt)ore section length, available pumping 
equipment, and fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably determined using conventional empirical 
methods. 

5 The harderaUe fluidic sealing material 255 may be any numt)er of conventional 

oommerciaHy available hardenaUe fluidic sealing materials such as, for example, slag 
mix, cement, latex or epoxy. In a preferred embodiment, the hardenable fluidic sealing 
material 255 is a blended cement prepared specifically for the particular well section 
being drilled from Halliburton Energy Services in Dallas, TX in order to provide optimal 

10 support for tubular nnember 210 while also maintaining optimum flow characteristics so 
as to ntinimize difficulties during the displacement of cement In the annular region 260. 
The optimum blend of the blended cement is preferably detemiined using conventional 
empirical methods. In several alternative embodiments, the hardenable fluidic sealing 
material 255 is compressible before, during, or after curing. 

15 The annular region 260 preferably is filled ttie material 255 in sufficient 

quantities to ensure that, upon radial expansion of the tubular member 210, tiie annular 
region 260 of the new section 130 of the wellbore 100 will be filled vA\h the material 
255. 

In an alternative embodiment the injection of tiie material 255 into the annular 
20 region 260 is omitted, or is provided after the radial expansion of the tubular member 
210. 

As! illustrated In FIGS. 4. 4a. and 4b, once tifie annular region 260 has been 
adequately filled with the mat«riai 255, a plug 265, or other simHar device, is introduced 
Into Vhe fluid passage 220, theretyy fluididy isolating the interior region 230 from the 

25 arinular region 260. In a preferred embodiment, a non-hardenable fluidic material 270 
is then pumped Into the interior region 230 causing the interior reglm in 
this manner, the interior region 230 of the mpanded tubular member 21 0 will not 
contain signlHcant amounts of the cured material 255. This also reduces and simplifles 
ttie cost of ttm entire process. Attemativeiy, the material 255 may be used during this 

30 phueoF the process. 

As illustrated In FIG. 5, In a preferred embodiment, the continued injection of 
the fluidic material 270 pressurizes the region 230 and unfolds tiie intermediate portion 
215b of tiie shoe 215. In a preferred embodiment, the outside diameter of the unfolded 
intennediate portion 21 5b of the shoe 21 5 is greater ttian ttie outside diameter of the 

35 upper and lower portions, 215a and 215b, of the shoe. In a prefened embodiment, Vhe 
Inside and outeide diameters of the unfolded Intennediate portion 215b of the shoe 215 
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are greater than the inside and outside diameters, respectively, of the upper and lower 
portbns, 215a and 215b. of the shoe. In a preferred embodinnent, the inside dianneter 
of the unfolded intermediate portion 215b of the shoe 215 is substantialiy equal to or 
greater than the inside dianneter of the preexisting casing 1 1 5 in order to optinnaily 

5 bdlitate the formation of a mono-diameter wellbore casing. 

As illustrated in FIG. 6, in a preferred embodiment, the expansion cone 205 is 
then lowered into the unfolded intermediate pcxtion 215b of the shoe 215. in a 
preferred embodinnent, the expansion cone 205 Is lowered into the unfolded 
Intennediate portion 215b of the shoe 215 until the bottom of the expansion cone is 

10 proximate the lower portion 215c of the shoe 215. In a preferred embodinnent during 
tite lowering of the expansion cone 205 into ttie unfolded intemnediate portion 21 5b of 
the shoe 21 5. the material 255 witttin tiie annular region 260 and/or the bottom of the 
wellbore section 130 maintains tiie shoe 215 in a substantially stationary position. 

As illustrated in FIG. 7, in a preferred embodiment, the outside diameter of the 

15 expansion cone 205 is tiieh Increased. In a preferred ennbodiment, the outside 
dianneter of tiie expansion cone 205 is increased as disdosed in U.S. patent nos. 
5.348,095, and/or 6,012,523, tiie disclosures of which are incorporate hmin by 
reference. In a preferred embodiment, ttie outeide diameter of the radially expanded 
expansion cone 205 is substentialiy equal to tiie inside diameter of the preexisting 

20 wellbore casing 115. 

In an aitomative embodiment, ttie expansion cone 205 Is not lowered into the 
radially expanded portion of ttie shoe 21 5 pricM* to being radially expanded. In ttiis 
manner, the upper portion 210crof the shoe 210 may be radially expanded by the radial 
expansion of the expansion cone 205. 

25 In anpttier alternative embodbnent, tiie expansion cone 205 is not radially 

expanded. 

As Hustratad in FIG. 8, in a preferred embodiment, a fluidic material 275 Is then 
injected Into tiie region 230 ttirough tiie fluid passages 225a and 205a. In a prefenred 
embodiment, once the Interior region 230 becomes sufRdentiy pressurized, the upper 

30 portion 21 5a of the shoe 21 5 and tt)e tubuiar nnember 21 0 are preferably plastically 
defbmn^, radially expanded, and exbiided off (rf tiie expansion cone 205. 
Furthemnore, in a preferred embodiment, during tiie end of the radial expansion 
process, ttm upper portion 21 Od of tiie tubular member and the lower portion of the 
preexisting casing 1 15 ttiat overiap wHh one anoUier are simulteneously plastically 

35 deformed and radtelly expanded. In ttiis manner, a mono-diameter wellbore casing 
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may be formed that includes the preexisting wellbore casing 1 15 and the radially 
expanded tubular member 210. 

During the exinislon process, the expansion cone 205 may be raised 
expanded portion of the tubular member 21 0. In a preferred embodiment, during the 

5 extmsion process, the expansion cone 205 is raised at approximately the same rate as 
the tubular member 210 is expanded in order to keep the tubular member 210 
stationary relative to the new wellbore section 130. In this manner, an overiapping Joint 
betMveen the radially expanded tubular member 210 and the lower portion of the 
prsextsting casing 115 may be opHmally fonmed. In an alternative preferred 

10 embodiment, the expansion cone 205 is maintained in a stationary position during the 
extrusion process thereby allowing the tubular member 210 to extrude off of the 
expansion oone 205 and into the new wellbore section 130 under the force of gravity 
and the operating pressure of the interior region 230. 

In a preferred embodiment, when the upper end portion 21 Od of the tubular 

15 member 210 and ttie lower portion of the pree)dsting casing 1 15 that overlap with one 
another are plasticaily defonmed and radially expanded by the expansion cone 205, the 
expansion oone 205 is displaced out of the wellbore 100 by both the operating 
pressure within the region 230 and a upwardly directed axial force applied to the 
tubular support member 225* 

20 The overlapping joint between the lower portion of the preexisting casing 115 

and the radially expanded tubular member 21 0 preferably provides a gaseous and 
fluidic seal. In a particularty preferred embodiment, the sealing members 245 optimally 
provide a fluidic and gaseous seal In the overiapping Joint In an alternative 
embodirnent, the sealing members 245 are omitted. 

2S In a preferred emtxxUment, the operating pressure and flow rate of the fluidic 

material 275 is contrDllat>iy ramped down when the expansion cone 205 reaches the 
upper end portion 210d of the tubular member 210. In this manner, the sudden refease 
of pressure caused by the oxnpiete extrusion of the tubular member 21 0 off of the 
expansion cone 205 can be minimized. In a preferred ervibodlment, the operating 

30 pressure Is reduced In a substantially linear fashion from 100% to about 10% during 
the end of the extrusion process beginning wlien the expansion cone 205 is within 
about 5 feet from completion of the extrusion process. 

Altematively, or In oombinatlon, the wail thickness of the upper end portion 
210d of the tubular member is tapered in order to gradually reduce the required 

35 operating pressira for plastically defonmihg and radially expanding the upper end 
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portion of the tubular member. In this manner, shock loading of the apparatus is at 
least raduoed. 

AHamatively. or in combination, a shodc absort>er Is provided In the support 
member 2XS in order to absorb the shodc caused by the sudden release of pressure. 

5 The shock absorber may oomprtee. for example, any conventkmai commercially 
available shock absort>er, bumper sub. or Jars adapted for use in wsHbore operattons. 

Alternatively, or in combination, an expanston oone catching structure is 
provMed In the upper end portton 21 Od of the tubular member 210 in order to catch or 
at least decelerate the expanston cone 205. 

10 In a prsferred embodbnent, the apparatus 200 is adapted to minimize tensile, 

burst, and friction effects upon the tubular member 210 during the expansion process. 
These effecte will be depend upon the geoRietry of the expanston cone 205, the 
material composltton of the tubular member 210 and expanston cone 205, the inner 
diameter of the tubular member 21 0, the wall thickness of the tubular member 21 0, the 

15 type of lubrteant, and the ytoki strength of the tubular member 210. In general, the 
thicker the wall thickness, the smaltor the Inner diameter, and the greater the ytekl 
strength of the tubular member 210, then the greater the operating pressures required 
to extrude the tubular mmntMr 210 off of the expansion oone 205. 

For typical tubular members 21 0, the extrusion of the tubular member 21 0 off of 

20 the expanston cone 205 will begin when the pressure of the interior regton 230 
reaches, tor erample, approximately 500 to 9.000 psi. 

Durir^ the exlnision process, the expanston oone 205 may be raised out of the 
expanded portton ofthe tubular member 210 at rates ranging, for example, from about 
0 to 5 fl/sea In a prefenred embodiment, during the extrusion process, the expansion 

25 cone 205 Is raised out of the expanded portton of the tubular member 21 0 at rates 
ranging from about 0 to 2 ft/sec in order to minimis the time required for the expanston 
procete white also pennitting easy oonbol of the expansion prc>cess. 

As niustraled In FIG. 9. once the extrusion process Is completed, the expansion 
cone 205 Is removed from the wellbore 100, In a preferred embodiment, either before 

30 or aftertherenrxival of the expansion oorw 205, the totegrity ofthe fluM^^ 

overlapping Joint belweer> the upper end portton 210d of the tubular member 210 and 
the lower end portton 1 15a of the preexisting wellbore casing 1 15 is tested using 
conventtonal methods. 

In a preferred embodiment. If the fiuidic seal of the overlapping Joint between 

35 the upper erxl portton 210d of the tubular member 210 and the lower end portion 1 15a 
of the casing 1 15 is satisfectory, then any uncured portton of the material 255 within the 
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expanded tubular member 210 Is then removed in a conventional manner such as, for 
exampto, circulating the uncured material out of the interior of the expanded tubular 
member 210. The expansion cone 205 is then pulled out of the vvellbors section 1 30 
and a drill bit or mill is used in oombinafion with a conventional drilling assembly to drill 
5 out any hardened material 255 within the tubular member 210. In a prefened 
embodiment, the material 255 within the anniriar region 260 Is then allowed to fully 
cure. 

As iiiustrated in FIG. 10, the bottom portton 215c of the shoe 215 may then be 
removed by drilling out the Mtom portion erf the shoe using conventional drilling 

10 methods. The wellbore 100 may then be extended In a conventional manner using a 
conventional drilling assembly, in a prefierred embodiment, the Inside diameter of the 
extended portion of the wellbore 100 is greater than the inside diameter of the radially 
expanded shoe 215. 

As illustrated in FIG. 1 1, the nrethod of FIGS. MO may be repeatedly 

1 5 performed in order to provide a mono-diameter wellbore casing that includes 

overtapping wellbore cs^ngs 115 and 210a-210e. The wellbore casing 115, and 210a- 
21 Oe preferabty include outer annular layere of fluldic sealing material. Alternatively, 
the outer annular layers of fluldic sealing material may be omitted. In this manner, a 
mono-diameter wellbore casing may be fonned within the subtennanean fbnmation that 

20 extends for tens of thousands of feet More generally still, the teachings of FIGS. 1-1 1 
may be used to fomn a mono-diameter wellbore casing, a pipeline, a stmcturai support, 
or a tunnel within a subtenanean fbnnation at any orientation from the vertical to the 
horizontal. 

in a prefierred embodiment, the fbnnation of a mono-diameter wsllbore casing, 
25 as illustrated In FIGS. 1*1 1 , is further provided as disclosed in one or more of the 
follov^ng: (1 ) U.S. patent applicaUdn serial no. 09/454.139, attomey dodcet no. 
25791.03.02, fited on 12/3/1099, (2) U.S. patent application serial no. 09/510,913, 
attomey dodcet no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502,350, attomey docket no. 25791 .8.02, fited on 2/10/2000, (4) U.S. patent 
30 application serial no. 09/440,338, attomey dodcet no. 25791.9.02, filed on 11/15/1099, 
(5) U.S. patent application serial no. 09/523,460, attomey dodcet no. 25791 .1 1 .02, fited 
on 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attomey docket no. 
25791 .12.02, fited on 2/24/2000, (7) U.S. patent appHcation serial no. 09/51 1 ,941 , 
attonn^ docket no. 25791.16.02, fited on 2/24/2000, (8) U.S. patent application serial 
35 no. 09/588,946, attomey docket no. 25791 .1 7.02. filed on 6/7/2000, (9) U.S. patent 
applteatten serial no. 09/559,122, attomey docket no. 25791.23.02. fited on 4/26/2000, 
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(10) PCT patent application serial no. PCTAJS0Q^18635. attorney docket no. 
25791.25.02. filed on 7/9/2000. (11) U.8. provisional patent appiicatlon serial no. 
60/162.671, attorney dodtet no. 25791.27. filed on 11/1/1999, (12) U.S. provisional 
patent application serial no. 60/154.047, attorney docket rio. 25791.29, filed on 

5 9/16/1999. (13) U.S. proviskNiai patent appilcatkm serial no. 60/159,082, attorney 
docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent applkatfcm serial 
no. 60/1 59.039. attorney docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 60/159.033. attorney docket no. 25791.37, filed 
on 10/12/1999. (16) U.S. provisional patent application serial no. 60/212.359. attorney 

10 docket no. 25791.38. filed on 6/19/2000. (17) U.S. provistonal patent application serial 
no. 60/1 65.228, attorney docket no. 25791 .39. filed on 1 1/12/1999. (18) U.S. 
provistonal patent applteation serial no. 60/221.443, attorney docket no. 25791.45, filed 
on 7/28/2000, (19) U.S. provistonal patent applteation serial no. 60/221,645. attorney 
docket no. 25791 .46, filed on 7/28/2000, (20) U.S. provisional patent application serial 

15 no. 60/233,638, attorney docket no. 25791 .47, filed on 9/18/2000, (21 ) U.S. proviskMfial 
patent application serial no. 60/237,334. attorney docket no. 25791 .48, filed on 
10/2/2000. and (22) U.S. provistonal patent application serial no. 60/262.434. attorney 
docket no. 25791 .51 . filed on 1/1 7/2001 . ttie disclosures of whldi are incorporated 
herein by reference. 

20 Referring to FIGS. 12. 12a. 12b. 12c and 12d. in an alternative emtxxliment. an 

apparatus dOO for fonhjng a mono<liameler wellbore casir^ is ptnifloned witiiin tiie 
weilbore casing 1 15 that is substantially Uenttcai in design and operation to ttie 
apparatus 200 except that a shoe 305 is substftutsd for the shoe 215. 

In a preferred embodinient. ttie shoe 305 inchides m upper portion 305a. an 

25 intannediateportton 305b. and a kwver portion 305c having a valveabiefluki passage 
310 that is prefsrabiy adapted to receive a plug. dart, or ottwr similar element for 
oontroliably sealing ttie fluid passes 310. In ttiis manner, ttie fhiM passage 310 may 
be opttmdiy seated off by introducing a plug, dart and/or bal seaKng elements into the 
fluk5 passage 310. 

30 The upper and tower portions, 305e and 305c of ttie shoe 305 arsprelisrably 

substantially tubular, and the Intennediate portion 305b off ttie shoe includes 
conugations 305ba-305t^. Furttienrtore, in a prefisned embodiment, when ttie 
intermediate portion 305b of ttie shoe 305 is radially expanded by the application of 
flukl pressure to the interior 315 of ttie shoe 305, ttie inside and outskle diameters of 

35 ttie radially expanded intermediate portion are preferably botti greater than ttie inside 
and outside diameters of the upper and lower portions. 305a and 305c In ttils manner. 
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the outer drcumfBrence of the intermediate portion 305b of the shoe 305 is pnsferabiy 
greater than the outer drcumferenoes of the upper and lower portions, 30Sa and 305c 
of the shoe. 

In a preferred embodiment, the shoe 305 further includes one or more through 

5 and side outlet ports hfluidlccommunlcallon with the fluid passage 310. inthis 
manner, the shoe 305 optimally ii^eds hardenable fhildic sealing material into the 
reghx) outside the shoe 305 and tubular member 210. 

In an altsmative embodimmt. the flow passage 310 Is omitted. 

In a preferred embodiment, as lyustralsd in FIGS. 12 and 12d. during 

10 placement of the apparatus 300 within the wellbore 100. fluidic materials 250 wlth^ 
wellbors that are displaoed by the appwatus are conveyed through the fluid passages 
310. 205a, 225a, and 225b. in this manner, surge pressures created by the piaoement 
of the apparatus within the welibore 100 are reduced. 

In a preferred embodiment, as illustrated in FIG. 13 and 13a. the fluid passage 

1 5 22Sb is then closed and a hardenable fluldic seating material 255 is then pumped from 
a surface location into the fluid passages 225a and 205a. The material 255 then 
passes from the flidd passage 205a into the intericN- region 315 of the shoe 305 below 
the expansion cone 205. The material 255 then passes from the interior region 315 
Into the fluid passage 310. The material 255 then exits the apparatus 300 and fills the 

20 annular region 260 between the exterior of the tubular member 21 0 and the interior wall 
ofthe new section 130 of the welibore 100. Continued pumping of the nurterial 255 
causes the material to fill up at least a portion of the annular region 260. 

The material 255 Is preferably pumped into the annular region 260 at pressures 
and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1 ,500 

25 gallons/min, respectively. The optimum flow rate and operating pressures vary as a 
function of the casir« and welibore sizes, welibore section length, available pgmping 
equipment, and fluid properties of the fluldic material being pumped. The optimum flow 
rate and operating pressure are preferably determined using conventional empirical 
mettwds. 

30 . The hanlenable fluldic seeing material 255 may be any number of oonventioftal 
oommerdally available hardenable fliMIc sealing materials such as. for example, slag 
mix, cement, latex or epoxy. In a prefsned embodiment, the hardenable fluldic sealing 
material 255 is a btended cement prepared spedflcaily for the particular well section 
being drilled from HaHlburton Energy Sen^ in Dallas. TX in order to provide optimal 

35 support for hJbular member 210 while also maintaining optiriium flow characteristics so 
as to minimize difficulties during the displacement of cement In the annular region 260. 
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The optimum blend of the blended cement Is prefiBrably detennined using conventional 
empirical methods. In several altemative embodiments, the hardenable fluidic seafing 
material 255 is compressible before, during, or after curing. 

. The armular region 260 preferably Is filled vvith the mcrterW 255 hsuff^ 
5 quantities to ensure that, upon radial expansion of the tubular member 210, the annular 
region 260 of the new section 130 of the wellbore 100 will be filled wHh the material 
255. 

In an attemative embodiment, the ir\)ection of the material 255 inb the annular 
region 260 Is omitted. 

10 As illustrated in FIGS. 14 and 14a, once the annular region 260 has been 

adequately filled with the material 255, a plug 265, or other similar device, is introduced 
into the fluid passage 310. thereby fluididy isolating the Interior region 315 from the 
annular region 260. In a prefened embodiment, a non-hardenabie fluidic material 270 
is then pumped into the Interior region 315 causing the interior region to pressurize. In 

1 5 this manner, the interior region 31 5 will not contain significant amounts of the cured 
material 255. This also reduces and simplifies the cost of the entire process. 
AMematively, the material 255 may be used during this phase of the process. 

As illustrated in FIG. 15, in a prefened embodiment, the continued injection of 
the fluidfc material 270 pressurizes the region 315 and unfolds the ownigations 305ba- 

20 305bh of the intermediate portion 305b of the shoe 305. in a prefened embodiment, 
the outside diameter of the unfolded intemiedlate portion 305b ofthe shoe 305 Is 
greater than the outeide diameter of the upper and lower portions, 305a and 305b. of 
the shoe. In a preferred embodiment, the inside and outside diameters ofthe unfolded 
IntermedlatB portion 305b of the shoe 305 are greater than the Inside and outside 

25 diameters, respectively, of the upper and lower portions. 305a and 305b. of the shoe. 
In a prefened embodiment, the inside diameter of the unfolded intenned^ portion 
305b of the shoe 305 Is substentially equal to or greater than the Inside diameter of the 
preexisting casing 305 in order to optimize the formation of a mono-diameter wsiB)ore 
casing. 

30 As Illustrated In FIG. 16. In a pretMred embodiment, the expansion cone 205 is 

then lowered Into the unfolded intermediate portion 305b of the shoe 305. in a 
preferred embodiment, the expansion cone 205 is lowered into the unfolded 
Intermediate portton 305b of the shoe 305 until the bottorh of the expansion cone is 
proximate the lower portion 305c of the shoe 305. In a preferred embodiment, during 

35 the lowering of the expansion cone 205 into the unfolded intennediate portion 30Sb of 



19 



the shoe 305» the material 255 within the annular region 260 maintains the shoe 305 in 
a substantially stationary position. 

As illustrated in FIG. 17, in a prefened emIxxJinnent, the outside diameter of the 
expansion cone 205 is then incrsased. In a preferred embodiment, the outside 
5 diameter of the expansion ccme 205 is increased as disclosed in U.S* patent nos. 
5.348,095, and/or 6,012,523, the disclosures of which are incorporate herein by 
reference. In a preferred embodiment, the outside diameter of the radially expanded 
expansion cone 205 is substantially equal to the inside diameter of the preexisting 
wellbore casing 115. 

10 In an alternative embodiment the expansion cone 205 Is not lowered into the 

radially expanded portion of the shoe 305 prior to being radially expanded. In this 
manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion cone 205. 

In another alternative embodiment, the expansion cone 205 is not radially 

15 expanded. 

As illustrated in FIG. 18, in a prefenBd embodiment, a fluidic material 275 is 
then irijectad into tlie region 31 5 through the fluid passages 225a and 205a. In a 
preferred embodiment, once the interior region 315 beconies suffldehtly pressurized, 
the upper portion 305a of the shoe 305 and the tubular mmiber 210 are preferably 

20 plasticaUy defonned, radially expanded, and extruded off of the expansion cone 205. 
Furthennore, in a prefmed embodiment, during the end of the radial expansion 
process, the upper portion 210d of the tubular member and the lower portion of the 
preexisting casing 115 that overtap with one another are simultaneously plastically 
deformed and radially expanded. In this rnanner, a nrKxra-dlanrieter wellbore casing 

25 may be fonned that includes the preexisting wellbore casing 115 and the radially 
expanded tubular member 210. 

During the extnision process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. in a preferred embodiment, during the 
extrusion process, the expenston cone 205 Is raised at appreximately the eame rate as 

30 the tubular member 210 is expanded In order to Iceep the tubular memt)er 21 0 

stationary relative to the new wellbore section 130. In this manner, an overlapping Joint 
between tlie radially expanded tubular member 210 and the lower portion of the 
preexisting casing 115 may be optimally fonned. In an alternative preferred 
embodiment, the expansion cone 205 is maintained In a stationary position during the 

35 exbtision process thereby allowing the tubular member 21 0 to extrude off of the 
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expansion cone 205 and into the new wellbore sectim 1 30 under the force of gravity 

and the operating pressure of the interior region 230. 

In a preferred entolinient, when the upper end portion 21 Od of the tutnjiar 

memt)er 210 and the lower portion oF the preexisting casing 115 that overlap with one 
5 another are plastically defbnmed and radially expanded by the expanaion oone 205, the 

expansion cone 205 is displaced out of the wellbore 100 by bdOfi the operating 

pressure within the region 230 and a upwardly directed axial force applied to the 

tutujlar support member 225. 

The overlapping joint between the lower portion of the preexisting casing 115 
10 and the radiaily expanded tubular member 210 preferably provides a gaseous and 

fiuldic seal. In a particuiarty prefened embodiment, the sealing members 245 optimally 

provide a fluidic and gaseous seal in the overlapping joint In an alternative 

embodiment, the sealing niembers 245 are omitted. 

In a prefened embodiment, the operating pressure and flow rate of the fluidic 
15 material 275 Is controliably ramped down when the expansion cone 205 reaches the 

i^per end portion 21 Od of the tubular member 210. In this manner, the sudden release 

of pressure caused by the complete extrusion of the tubular member 210 off of the 

expansion cone 205 can be minimized. In a pnsfenred embodiment, Vhs operating 

pressure is reduced in a substantially linear fashion from 100% to about 10% during 
20 the end of the extmsion process beginning when the expansion cone 205 is 

about 5 feet from completion of theextmsion process. 

AHemativeiy, or In combinatloh, the waH thidcness (rf the upper end portion. 

21 Od of the tubular member is tapered in order to gradujally reduce the required 

operating pressure for plastically deforming and radially mpanding the upper end 
25 portion of the tubidar (nerrt)er. In this manner, shock loading of the apparatus may be 

at least partially minimized. 

Alternatively, or In combination, a shodc absort)er Is provided in the support 

member 225 in order to absorb the shock caused by the sudden release of pressure. 

The shock absort>er may comprise, for example, any conventional commercially 
30 avaiiable shock absorber adapted for use in wenbore operations. 

Alternatively, or in combination, an expansion cone catching structure is 

provided in the upper end portton 21 Od of the tubular member 210 in order to catch or 

at least decelerate the expansion cone 205. 

In a preferred embodiment, the apparatus 200 is adapted to minimize tensile, 
35 burst, and friction effects upon the tubular member 210 during the expansion process. 

These effecte will be depend upon the geometry of the expansion cone 205, the 
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iTiatarial composition of the tubular member 210 and expansion cone 205. the inner 
diameter of the tubular member 210. the vvall thickness of the tubular member 210, the 
type of lubricant, and the yield strength of the tubular member 210. In general, the 
thicker the wall thickness, the smaller the inner diameter, and the grsater the yiekJ 

5 strength of the tubular member 210, then the greater the operating pressures re^ 
to exinide the tubular member 210 off of the expansion cone 205. 

For typical tubular members 210, the extrusk3n of the tubular member 210 off of 
the expand cone 205 will begin when the pressure of the interior region 230 
reaches, for example, approximately 500 to 9,000 psi. 

10 During the extruston process, the expansion cone 205 may be raised out of the 

expanded portton of the tubular member 21 0 at rates ranging, for example, from about 
0 to 5 Wsec In a preferred embodiment, during the extrusion process, the expanston 
cone 205 is raised out of the expanded portion of the tubular member 21 0 at rates 
ranging from about 0 to 2 Wsbc in order to minimize the tbne requirad for the expansion 

1 5 process while also permitting easy control of the expansion process. 

As illustrated in FIG. 19, once the extruston process is completed, the 
expanston cone 205 is removed from the weilbore KK). In a preferred embodiment, 
either before or after the rerT%>vai of the expanston cone 205, the integrity of the fluidic 
seal of the overiapping Joint between the upper end portion 21 Od of the tubular member 

20 210 and tiie tower end portion 1 15a of the preexisting weilbore casing 115 is tested 
using conventional methods. 

In a preferred embodiment, if the fluidic seal of ttte overiapping Joint between 
ttie upper end portion 210d of the tubular member 21 0 and ttie tower end portion 115a 
of the casing 115 Is saOsfedory, then any uncurad portion oftheTrraterial 255 wittiin ttie 

25 expanded tubular member 21 0 is then removed in a conventional manner such as, for 
example, drculating the uncured material out of tt)e interior of Uie expanded tubular 
member 210. The expanston cone 205 is tiien pulled out of the weilbore section 130 
and a drill bit or mill is used In combination wHh a conventional drilling assembly to drill 
out any hardened material 255 wtthin ttie tubular member 210. In a preferred 

30 embodiment, the material 255 within the annular regton 260 is ttien allowed to fuRy 
cure. 

As Bliistrated In FIG. 20, tiie bottom portion 305c of ttie shoe 305 may ttien be 
removed by drilling out the bottom portion of ttie shoe using conventional drilling 
mettKxls. The weilbore 100 may tiien be extended in a conventional manner using a 
35 conventional drilling assembly, in a prefened embodiment, ttie inside diameter of the 
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extended portion of the welltxm is greater than the inside diameter of the radially 
expanded shoe 305. 

The method of FIGS. 12-20 may be repeatedly perfbnfned in order to 
monoKliameter welltxra casing that includes overlapping wellbore casings. The 

5 overlapping wellbore casing preferably Indude outer annular layere of fluidic seating 
material. Attematively, the outer annular layers of fliridic sealing material may be 
omitled. In this nnanner, a mono-diameter wellbore casirtg may be fbmned within the 
subterranean fbrmatioh that extends for tens of thousands of feet More generally still, 
the teachings of R6S. 12-20 may be used to form a mono-diameter wellbore casing, a 

10 pipeline, a struchjral support, or a tunnel within a subterranean fbnnation at any 
orientation from the vertical to the horizontal. 

In a preferred embodiment, the fonmation of a mono-diameter wellbore casing, 
as illustrated in FIGS. 12-20, is further provided as disclosed in one or more of the 
following: (1 ) U.S. patent application serial no. 09/454, 1 39, attorney docket no. 

15 25791.03.02. filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, 
attorney docket no. 25791 .7.02, filed on 2/23/^X)0, (3) U.S. patent application serial 
no. 09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
applteation serial no. 09/440,338, attomey docket no. 25791.9.02, filed on 1 1/15/1999, 
(5) U.S. patent application serial no. 09/523,460, attomey docket no. 25791 .1 1 .02, filed 

20 on 3/10/2000, (6) U.S. patent applicatton serial no. 09/512,895, attomey docket no, 
25791 .12.02, filed on 2/24/2000, (7) U.S. patent applicatton eerial no. 09^1 1 ,941 , 
attomey docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent applicatton serial 
no. 09/588.946. attomey docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent 
application serial no. 09/559,122, attomey docket no. 25791 .23.02, fitod on 4/26/2000. 

25 (10) PCT patent applicatton serial no. PCTAJSOQ/18635, attorney docket no. 
25791.25.02, filed on 7/9/2000, (11) U.S. provlstonal patent application serial no. 
60/162,671, attomey docket no. 25791.27, filed on 11/1/1999. (12) U.S. provisional 
patent appHcation serial no. 60/154,047. attomey docket no. 25791.29, filed on 
9/16/1999, (13) U.S. provisional patent appHcatton serial no. 60/159,082, attorn^ 

30 docket no. 25791 .34. filed on 10/12/1999, (14) U.S. provlstonal patent applteation serial 
no. 60/159,039. attomey docket no. 25791.36, filed on 10/12/199^^ 
provisional patent applicatton serial no. 60/159,033, attomey docket no. 25791.37, filed 
on 10/12/1999, (16) U.S. provisicmal patent application serial no. 60/212,359. attomey 
docket no. 25791 .38, filed on 6/19/2000, (17) U.S. provistonai patent application serial 

35 no. 60/165.228. attomey docket no. 25791.39. filed on 1 1/12/1999, (1 8) U.S. 

provistonai patent application serial no. 60/221,443, attomey docket no. 25791.45, filed 



23 



on 7/28/2000, (19) U.S. provisional patent application serial no. 60/221,645, attorney 
docl(6t no. 25791 .46, fileci on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233,638, attorney docket ho. 25791 .47. filed on 9/18/2000, (21) U.S. provisional 
patent application serial no. 60/237,334, attorney dodcet no. 25791.48, filed on 

5 10/2/2000, and (22) U.S. provisional patent applicatidn serial no. 60/262,434, attorney 
dodcet no. 25791.51, filed on 1/17/2001, the disclosures of which are incorporated 
herein by reference. 

In several altemative embodimente, the apparatus 200 and 300 are used to 
form and/or repair welitx>rB casings, pipelines, and/or stmcturat supports. 

10 in several altemattve embodimente, the folded geometries of the shoes 21 5 and 

305 are provided in accordance with the teachings of U.S. Patent Nos. 5.425,559 
and/or 5,794,702, the disdosures of which are incorporated herein by reference. 

An apparatus for forming a wellt>ore casing in a borehole located in a 
subterranean formation induding a preexisting welibore casing has been described that 

15 indudes a support member Induding a first fluid passage, an expansion cone coupled 
to the support memt>er Induding a second fluid passage fluididy coupled to the first 
fluid passage, an expandable tubular liner movabty coupled to the expansion cone, and 
an expandable shoe coupled to the expandabte tubular liner. In a preferred 
embodiment the expansion cone is expandable. In a prefened ^nbodiment, the 

20 expandable shoe indudes a valveable fluid passage for controlling the flow of fiuidic 
materials out of the expandable shoe. In a prBferred embodiment, the expandabte 
shoe indudes: an expandabte portion and a remaining portion, wherein tiie outer 
drcumfefencecrf the expandable portion te greater than the outer drcumterence of the 
remaining portion. In a prefierred embodiment the expandabte portion indudes: one or 

25 mors inward foMs. In a preferred embodiment, the expandabte portion indudes: one or 
mora corrugations. In a preferred embodiment the expandabte shoe indudes: one or 
mora inward fdds. In a praferred embodiment tiie expandabte shoe indudes: one or 
mora corrugations. 

A shoe has also been described that indudes an upper annular portion, an 
30 intenradiate annuter portion, and a lower annular portion, wherein the intenmedlate 
annuter portion has an outer drcumferenoe fliat te larger ttiah the outer droumferenoes 
of tiie upper and lower armuter portions. In a prefenBd embodiment the bwer annular 
portion Indudes a valveable fluid passage for controlling tt)e flow of fluidlc materials out 
of tiie shoe. In a preferred embodiment the Intermedtete portion indudes one or more 
35 inward folds. In a preferred embodiment the intermediate portion indudes one or more 
corrugations. 
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A method of forming a wellbore casing in a subterranean formation having a 
preexisting wellbore casing positioned in a borehole has also been described that 
includes installing a tubular liner, an expansion oone. and a shoe in the borehole, 
radially expanding at least a portion of the shoe by injecting a fluidic material into the 
5 shoe, and radially expanding at least a portion of the tubular liner by injecting a fiuldic 
material into the borehole below the expansion cone. In a prefenred embodiment, the 
method further Includes radially expanding the expansion cone. In a preferred 
embodiment, the method further includes lowering the expansion cone into the radially 
expanded portion of the shoe, and radially expanding the expansion cone. In a 

10 preferred embodiment, the method further includes radially expanding at least a portion 
of the shoe and the tubular liner by injecting a fluidic material into the borehole below 
the radially expanded expansion cone. In a preferred embodiment, the method further 
includes injecting a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehole. In a preferred embodiment, the method further includes 

15 radially expanding at least a portion of the preexisting wellbore casing, in a preferred 
embodiment the method further includes overlapping a portion of the radially 
expanded tubular liner with a portion of the preexisting wellbore casing, in a preferred 
embodiment, the inside diameter of the radially expanded tubular liner is substantially 
equal to the inside diameter of a nonovertapping portion of the preexisting wellbore 

20 casing. In a preferred embodiment, the method further Includes applying an axial force 
to the expansion cone. In a preferred embodiment, the inside diameter of the radially 
mpanded shoe is greater than or equal to the Inside diameter of the radially expanded 
tubular liner. 

An apparatus for forming a wellbore casing In a subterranean formation having 
25 a preexisting weDbore casing positioned in a borehole has also been described that 
includes means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and means fbr 
radially expanding at least a portion of the tubular liner, in a preferred embodiment, the 
apparatus further Includes means for radially expanding the expansion cone. In a 
30 prefened embodiment, the apparatus further includes means for lowering the 

expansion cone into the radially expanded portion of the shoe, and means for radially 
expanding the expansion cone, in a prefened embodiment, the apparatus further 
includes means fbr injecting a fluidic nraterial into the borehole below the radially 
expanded expansion cone. In a preferred embodiment, the apparatus further Includes 
35 means for injecting a hardenable fluidic sealing material into an annuius between the 
tubular liner and the borehole. In a preferred embodiment, the apparatus further 
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includes means for radially expanding at least a portion of the preefxistihg welit>ore 
casing. In a prefencKl emt)odiment, the apparatus further indudes nrm 
overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting vveilt>ore casing. In a prstarred emt)odiment the inside diameter of the 

5 radially expanded tubular liner Is substantially equal to the Inside diameter of a 

norKyverlapping portion of the preexisting wellbore casing. In a preferred embodiment, 
the apparatus further includes means for applying an axial force to the expansion cone. 
In a prefenned embodiment the inside diamet^ off the radially expanded shoe is greater 
than or equal to the Inside diameter of the radially expanded tubular liner. 

10 An apparatus for forming a weilbore casing within a subterranean formation 

including a pree)dsting weilbore casing positioned in a borehole has also been 
described that includes a tubular liner and mear^ for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting weilbore casing. The 
inside diameter of the radially expanded tubular liner is substantially equal to the inside 

1 5 diameter of a non-overiapplng portion of the preexisting weilbore casing. 

A weilbore casing positioned in a borehole v^in a subterranean formation has 
also been described tiiat includes a first weilbore casing and a second weilbore casing 
coupled to and overlapping with tiie first weilbore casing, wherein ttie second weilbore 
casing is coupled to the first weilbore casing by the process of: instelling tiie second 

20 weilbore casing, an expansion cone, and a shoe in the borshole, radially expanding at 
least a portion of the shoe by injecting a fluidic material into the shoe, and radially 
expanding at least a portion of the second weHbore casing by injecting a fiiddic material 
into the borehole below the expansion cone. In a prefened embodiment, the process 
for fonming the weilbore casing further includes radially expanding the expansion cone. 

25 In a preferred embodiment, the process for fomrring the weilbore casing further includes 
lowisring the expanston cone into the radially expanded portion of the shoe, and radially 
expanding the expansion cone. In a prrfbrred embodiment, the process for forming the 
weilbore casing further includes radially expanding at least a portion of ttie shoe and 
the second weilbore casing by injecting a fluidic material into ttie borehole below the 

30 radtelly expanded expansion cone. In a preferred embodiment, ttie process for fonnlng 
the weilbore casing furttier Includes injecting a hardenable fluidic sealing material Into 
an annulus between ttie second weilbore casing and ttie borehole. In a preferred 
embodiment, ttie process for forming ttie weilbore casing forttier includes radially 
expanding at least a portion of ttie first weilbore casing, in a prefened embodiment. 

35 the process for forming ttie weilbore casing further includes overlapping a portion of the 
radtelly expanded second weilbore casing witti a portion of ttie first weilbore casing. In 
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a prBferred ertibodiment, the inside diametar of the radially expanded second vtfelltK)re 
casing is substantially equal to the Inside dianneter of a nonoverlapping portion of the 
first vvellt)ore casing. In a preferred embodinient. the process for fb^ 
casing further includes applying an axial force to the expansion cone, in a preferred 
5 emtxxliment. the inside dianneter of the radially expanded shoe is greater than or equal 
to the inside diameter of the radially expanded second welltx)r6 casing. 

A method of fomttig a tubular stnidure in a subterranean fonmation having a 
preexisting tubular member positioned in a borehole has also been described that 
includes installing a tubular linen an expansion cone, and a shoe in the borehole, 

10 radially expanding at least a portion of the shoe by injecting a fluidic materfal into the 
shoe, and radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone. In a prefened emtodiment, the 
method further includes radially expanding the expansion cone. In a preferred 
embodiment, the method further includes iovvering the expansion cone into the radially 

15 expanded portion of the shoe, and radially expanding the expansion cone. In a 

preferred embodiment, the method further includes radially expanding at least a portion 
of the shoe and the tubular liner by injecting a fluidic material into the borehole below 
the radially expanded expansion cone. In a preferred embodiment, the method further 
includes Injecting a tiardenabie fluidic seaDng material into an annulus between the 

20 tubular liner and the borehole. In a preferred embodiment, the method further includes 
radially expanding at least a portion of the preexisting tubular member. In a preferred 
embodiment, the method further includes overtapping a porton of the radially 
expanded tubular liner with a portion of the preexisting tubular member. In a prefenred 
embodiment, the inside diameter of the radially expanded tubular liner Is substantiaily 

25 equal to the inside diameter of a nonoveriapping portion of the preexisting tubular 
member. In a prefennedembodlnrient the niethod further indud<M 
force to the expansion cone, in a prefened embodiment, the Inside dteimeter of the 
radially expanded shoe is greater than or equal to the inside diameter of the radially 
expanded tubular liner. 

. 30 An apparatus for forming a tubular structure in e subterranean formation having 

a preexisting tubular member positioned In a borehole has also been described that 
includes means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expending at least a portion of the shoe, and means for 
radially expanding at least a portion of the tubular liner. In a preferred embodiment, the 

35 apparatus further includes means for radially expanding the expansion cone. In a 
preferred embodiment, the apparatus further includes means for lowering the 
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expansion cone into the radially expanded porUon of the shoe. 9nd means for radially 
expanding the expansion oone. in a prefenred entbodiment. the apparatus further 
indudes nneans for inJecBng a fluidic material into the borehole below the radially 
expanded expansion oone. In a preferrsd enribodlnrient. the apparaM further in^ 

5 means fbr lri|ecting a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehole. In a prdeirred embodiment the apparatus fur&ier 
includes means fbr radially expanding at least a portion of the preexisting tubular 
member. In a prsferrsd embodiment, the apparatus further indudes ni^ 
overlapping a portion of the. radially expanded tubular liner with a portion of the 

10 preexisting tubular member. In a preferred embodiment the inside diameter of the 
radially expanded tubular liner is substantially equal to the inside diameter of a 
nonoverfapping portion of the preexisting tubular memtier. In a preferrBd embodiment, 
the apparatus further indixles means fbr applying an axial force to the expansion cone. 
In a preferred embodiment the inside diameter of the radially expanded shoe is greater 

1 5 than or equal to the inside diameter of the radially expanded tubular liner. 

An apparatus for fbnning a tubular structure within a subterranean fomnation 
induding a preexisting tubular member positioned in a borehole has also been 
described that indudes a tubular liner and iroans for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting tubular member. The 

20 inside diameter of the radially expanded tubular liner is substantially equal to the inside 
diameter of a non-overtapping portion of the pree)dstlng tubular member. 

A tubular stmcture positimed In a borehole within a subterranean fbnnation has 
also been described that Indudes a first tubular member and a second tubular member 
coupled to and overlapping with the first tubular merhber. wherein the second tubular 

25 menrioer is coupled to the first tubular member by the process of: installirig the second 
tubular member, an expansion cone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by InJedlrQ a fluidic material Into the shoe, and radially 
expanding at least a portion of the second tubular member by injecting a fluidic material 
into the borehole below the expansion oone. In a preferred embodiment the process 

30 fbr forming the tubular stmcture further Indudes radially expanding the expansion cone, 
in a prefierred embodiment the process fbr forming the tubular structure further 
indudes lowering the expansion cone into the radially expanded portion of the shoe, 
and radially expanding the expansion cone. In a preferred emtxxliment the process 
for fomning the tubular structure further Indudes radially expanding at least a portion of 

35 the shoe and the second tubular memb^* by Injecting a fluidic material into the 

borehde below the radially expanded expansion cone. In a preferred embodiment the 
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process for forrning the tubular structure further includes injecting a hardenable fluicHc 
seating material into an annulus between the second tubular member and the borehole. 
In a preferred embodiment, the process for fbmrring the tubular stnicture further 
includes radially expanding at least a portion of the first tubular member In a preferred 

5 embodinient, the process for fbmning the tubular stoicture further includes overlapping 
a portion of the radially expancted second tubular member with a portion of the first 
tubular nnember. In a prrterred mibodiment. the insMe diameter of the radially 
expanded second tubular member is substantiaHy equal to the inside diameter of a 
nonoverlapping portion of the first tubular member. In a prsfened emtxxiiment, the 

1 0 process for fbmiing the tubular structure further includes applying an axial force to the 
expansion cone. In a preferred embodiment, the inside diameter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
second tubular member. 

Although illustrative embodiments of the invention have been shown and 

1 5 described, a wide range of nxxJificatioh, changes and substitution is contemplated in 
the foregoing disdosurs. in some instances, some features of the present invention 
may be employed without a conresponding use of the other features. Accordingly, it is 
appropriate that ttie appended daims be consbued broadly and in a manner consistent 
with the scope of the invention* 
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CLAIMS 

1. A shoe, comprising: 

an upper annular portion; 

an inteimediate annular portion coupled to the upper annular portion; and 
5 a lower annular portion coupled to the intennediate portion; 

wherein the Intennediate annular portion has an outer drcunrferenoe that is 
larger than the outer droumfierenoes of the upper and lower annular portions. 

2. The shoe of dalm 1 , wherein the lower annular portion indudes a valveable fluid 
1 0 passage for oontrolling the flow of fluidic materials out of the shoe. 

3. The shoe of daim 1 . wherein the intOTnediate portion indudes: 
one or more inward folds. 

1 5 4. The shoe of daim 1 , wherein the intennediate portion Indudes: 
one or more corrugations. 

5. A shoe, opmprfeing: 

an upper annular porton; 
20 an intennediate annular portion coupled to the upper annular portion inckiding 

one or more inward folds; and 

a lower annular portion coupled to the intennediate portion induding a 
valveable fluid passage for oontrdHng the flow cf fluidic materials out of the shoe; 
wherein the intennediate annular portton has an outer drcunriference that is 
25 larger than the outer droumferenoes of the upper and lower annular portions. 
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Claims 

1 . An apparatus for forming a weHbore casing in a borehole located In a 
subtenanean fbmnation Including a preexisting wellbore casingt comprising: 
5 a support member including a first fluid passage; 

an expansion cone coupled to the support member including a second fluid 

passage fluidicly coupled to the first fluid passage: 
an expandable tubular liner movably coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

10 

Z The apparatus cf daim 1 , whersin the expansion cone is expandable. 

3. The apparatus of daim 1 , wherein the expandable shoe Includes a valveable fluid 
passage for controlling the flow of fluidic materials out of ttie expandable shoe. 

15 

4. The apparatus of daim 1 , wherein the expandable shoe Indudes: 
an expandable portion; and 

a remaining portion coupled to the expandable portion; 
wherein the outer drcumfsrenoe of the expandable portion is greater than the 
20 outer droumference cf the remaining portion. 

5. The apparatus of daim 4, whmin the expandable portion includes: 
one or more inward folds. 

25 6. The apparatus of daim 4, wherein the expandable portion indudes: 
one or more corrugations. 

7. The apparatus of daim 1 . wherein the expandable shoe indudes: 
one or more inward folds. 

30 

8. The apparatus of daim 1 , wherein the expandable shoe indudes: 
one or more corrugations. 
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9. 



A shoe, comprising: 
an upper annular portion; 

an intenmediate annular portion coupled to the upper annular portion; and 
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a lower annular portion coupled to the intermediatB portion; 

wtierein the intermediate annular portion has an outer drcumferenoe that is 

larger than the outer drcunrrferenoes of the uppw and lovver annular 

portions. 

5 

10. The shoe of daim 9, wherein the kWver annular portion indudes a valveable fluid 
passage for controiiing the fkw of fluidic materials out of the shoe. 

1 1 . The shoe of daim 9, wherein the intermediate portion indudes: 
10 one or more inward folds. 

12. The shoe of daim 9, wherein the intermediate portion indudes: 
one or more corrugations. 

15 1 3. A method of forming a wellbore casing in a subterranean fonnation having a 
preexisting wellbore casing positioned In a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fiuidic material 
into the shoe; and 

20 radially expanding at least a portion of the tubular liner by injecting a fluidic 

material into the borehole below the expanston cone. 

14. The method of daim 13, further comprising: 
radially expanding the expansion cone. 

25 

15. The method of daim 13, further comprising: 

kiwering the expansion cone Into the radially expanded portion of the shoe; and 
radially expanding the expanston cone. 

30 16. The method of daim 1 5, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidic material into the borehole below the radially expanded 
expansion cone. 



35 17. 



Ths method of daim 13. further comprising: 
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injecting a hardenable fluidic seaiing material into an annulus between the 
tubular iiner and the borehole. 

18. The mrthodofdaim 13. further oomprisirig: 

5 radialiy expanding at least a portion (rf the preexisting wellbore casing. 

19. The method of daim 1 8, further comprteing: 

overlq>plng a portion of the radially expanded tubular liner with a portion of the 
preexisting wellbore casing. 

10 

20. The method of daim 19, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to or greater than the inside diameter of a 
nonoverlapping portion of the preexisting wellbore casing. 

IS 21. The method of daim 18, further comprising: 
applying an axial force to the expansion cone. 

22. The method of daim 13, wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 

20 expanded tubular liner. 

23. An apparatus for forming a wellbore casing In a subterranean fbrmatlon having a 
preexisting wellbore casing positioned in a borehole, comprising: 

means for installing a tubular Hner, an expansion cone, and a shoe in the 
25 borehole; 

means for radially expanding at least a portion of the shoe by injecting.a fluidic 

material into the shoe; and 
means for radially expanding at least a portion of the tubular liner by injecting a 

fluidic material Into the borehole below the expansion cone. 

30 . 

24. The apparatus of daim 23, further comprising: 
means for radially expanding the expansion cone. 

25. The apparatus of daim 23, further comprising: 

35 means for lowering the expansion cone into the radially expanded portion of the 

shoe; and 
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means for radially expanding the expansion com 

The apparatus of ciaim 25, further ooniprising: 
means for injecting a fluidic material into the borehole t)ek3w the radially 
expanded expansion oone. 



27. The apparatus of claim 23, further obrnprising: 

means for injecting a hardenabie fluidic sealing materiai into an annulus 
between the tubular liner and the borehole. 

10 

28. The apparatus of daim 23, further comprising: 

means for radially expanding at least a portfon of the prsexteting welibore 
casing. 

15 29. The apparatus of daim 28, further comprising: 

means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting wellbors casing. 



30. The apparatus of daim 29, wherein the inside diameter of the radially expanded 
20 tubular liner is substantially equal to ttie inside diameter of a nonoverlapping portion of 

the preexisting welibore casing. 

31. The apparatus of daim 28, further comprising: 
means for applying an axial force to the expansion cone. 

25 

32. The apparatus of daim 23, wherein the Inside diameter of the radially expanded 
shoe is yeater than or substantially equal to the Inside diameter of the radially 
expanded tubular liner. 

30 33. An apparatus for forming a welibore casing within a subterranean forrn^ 
induding a preexisting weHbors casing positioned in a borehole, comprising: 
a tubular linen and 

means for radially expanding and coupling the tubular liner to an overlapping 
portion of the praexisting weilbors casing; 
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wherein the ineide diameter of the radially expanded tubular liner is 

sut}stantially equal to the inside diameter of a non-overlapping portion of 
the preexisting wellbore casing. 

5 34. A weiitxm casing positioned in a borehole within a subtenranean formation, 
odmprising: 

a first welibore casing; and 

a second welibore casing coupled to and overtan^ing with the first welibore 
casing; 

10 wherein the second welibore casing is coupled to the first welibore casing by 

the process of: 

installing the second welibore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by Injecting a fiuidic 
1 5 material into the shoe; and 

radially expanding at least a portion of the second welibore casing by 
injecUng a fiuidic material into the borehole below the expansion 
cone. 

20 35. The welibore casing of dalm 34. wherein the process further comprises: 
radially expanding the expansion cone. 

36. The welibore casing of dalm 34, wherein the process further comprises: 
lowering the expansion cone into the radially expanded portion of the shoe; and 

25 radially expanding the expansion cone. 

37. The weilbore casing of dalm 36, wherein the process further comprises: 
radially expanding at least a portion of the shoe and the second welibore casing 

by injecting a fiuidic material into the borehole below the radially 
30 expanded expansion cone. 

38. The weilbore casing of daim 34, wherein the process further comprises: 
injecting a hanjenable fiuidic sealing material into an annulus between the 

second weilbore casing and the borehole. 
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39. The weilbore casing of daim 34, wherein the process further comprises: 
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radially expanding at least a portion of the first ^Ibore qasing. 

40. The wellbore casing of daim 39, wherein tlie process further comprises: 
overlapping a portion of the radially expanded second wellbore casing with a 

portion of the first wellbore casing. 

41 . The wellbore casing of daim 40, wherein the inside diameter of the radially 
expanded second wellbore casing is substantially equal to the inside diameter of a 
nonoverlapping portion of .the first wellbore casing. 

42. The wellbore casing of daim 39. wherein the process further comprises: 
applying an axial force to the expansion cone. 

43. The wellbore casing of ddim 34, wherein the inside diameter of the radially 
1 5 expanded shoe is greater than or substantially equal to the inside diameter of the 

radially expanded second wellbore casing. 

44. A method of fonming a tubular structure in a subterranean formation having a 
preexisting tubular member positioned in a borehole, comprising: 

20 installing a tubular liner, an expansion cone, and a shoe in the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone. 

25 

45. The method of daim 44, further comprising: 
radially expanding the expansion oone. 

46. The method of daim 44, further oomprisir^: 

30 lowering the expansion pone into the radially expanded portion of the shoe; and 

radially expanding the expansion oone. 

47. The method of daim 48. further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
35 a fluidic material into the borehole below the radially expanded 

expansion cone. 
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The method of daim 44. further comprising: 

injecting a hardenable fluklic sealing material into an annuliis i)etween the 
tubular liner and the borehole. 

The method of daim 44, further comprising: 
radially expanding at least a portion of the preexisting tubular member. 

The methcxl of daim 49, further comprising: 
overiapping a portion of the radially expanded tubular liner with a portion of the 
preexisting tubular member to provide a load bearing interiace and a 
fluidic seal. 

51 . The method of daim 50, wherein the Inside diameter of the radially expanded 

1 5 tubular liner is substantially equal to the iriside diametw of a nonoveriapping portion of 
the preexisting tubular member. 

52. The method of daim 49, further comprising: 
applying an axial force to the expansion cone. 

20 

53. The method of daim 44, wherain the inside diameter of the radially expanded 
shoe is greater than of substantially equal to the inside diameter of the radially 
expanded tubular liner. 

25 54. An apparatus for forming a tubular atnicture in a subterranean fbrnoatlon having a 
preexisting tubular member positioned in a borehole, comprising: 

means for Installing a tubularliner, an expansion cone, and a shoe In the 
t>orehole! 

means for radially expanding at least a portion of the shoe; and 
30 means for radially expanding at least a portion of the tubular liner. 

55. The apparatus of daim 54, further comprising: 

nteans for radially expanding the expansion cone. 



48. 



5 

49. 



50. 

10 



35 56. The apparatus of daim 54, further comprising: 
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means for lowering the expansion cone into the radially expanded portion of the 
shoe; and 

means for radially expanding the expansion cone. 

5 57. The apparatus of dalm 56, further comprising: 

means for injecting a fluidic material into the t)orehole Mow the radially 
expanded expansion cone. 

58. The apparatus of dalm 54, furttier comprising: 

10 means for injecting a hardenable fluidic sealing material into an annulus 

t)etween the tubular Hner and the borshole. 

59. The apparatus of daim 54, further comprising: 

means for radially expanding at least a i>ortion of the preexisting tubular 
15 member. 

60. The apparatus of daim 59, further comprising: 

means for overiapping a portion of the radially expanded tubular liner with a 
portion of the preexteting tubular member to provide a load bearing 
20 InteriiBoe and a fluidic seed. 

61 . The apparahis of daim 60, wherein the Inside dianrteter of the radially expanded 
tubular liner is substantially equal to the inside diameter of a nonoveriapping portion of 
the preexisting tubular member. 

25 

62. The apparatus of daim 59, further comprising: 

means for applying an axial force to the expanaton cone. 

63. The apparatus of daim 54. wherein the inside diameter of the radially expanded 
30 shoe Is greater ttian or substantially equal to the inside diameter of the radially 

expanded tubular liner. 



35 



64. An apparatus for forming a tubular structure within a subterranean fbnmaflon 
indudlng a preexisting tubular member positioned in a borehole, comprising: 
a tubular liner; and 
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means for radially e)4)dnding and ooupiing the tubular liner to an overlapping 

portion of the preexisting tubular member; 
wherein the inside diameter of the radially expanded tubular Hner Is 

substantially equal to the inside diameter of a non-overlapping portion of 

the preexisting tubular member. 

65. A tubular structure positioned in a borehole within a subterranean fomiation. 
comprising: 

a first tubular member; and 

a second tubular member coupled to and overlapping with the first tubular 
member; 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

installing the second tubular member, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecb'ng a fluidic 

material Into the shoe; and 
radially expanding at least a portion of the second tubular menr^r by 

injecting a fluidic material into the borehole below the expansion 

cone. 

66. The tubular structure of daim 65. wherein the process further comprises: 

radially expanding the expansion cone. 

67. The tubular stmcture of daim 65. wherein the process further cmqprises: 

lowenng the expansion cone into the radially expanded portion (rf the ^K>e; and 
radially expanding the e)q>ansion cone. 

68. The tubular structure of daim 67, wherein the process further comprises: 

radially expanding at least a portion of the shoe and the second tubular member 
by injecting a fluidic material into the borehole below the radially 
expanded expanston cone. 



The tubular structure of daim 65, wherein the process further comprises: 
injecting a hardenable fluidic sealing material Into an annulus between the 
second tubular member and the borehole. 
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70. The tubular structure of daim 65. wherein the process further comprises: 
radially expandlrig at least a portion of the firet tubular member. 

5 71. 1lie tubular stmcAjre of daim 70/whereln the process further comprises: 

overlapping a pwtion of the rodlally expanded second tubular memtwr with a 
portion of the first tubular member. 

72. The tubular stnjcture of dalm 71, v^rein the inside diameter of the radially 
10 expanded second tubularmember Is substantially equal to the Inside diameter of a 

nonoveifapping portion of the first tubular member. 

73. The tubular structure of daim 70, wherein the process further comprises: 

applying an axial fbroe to the expansion cone. 

15 

74. The tubular stnidure of daim 65, wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radially expanded second tubular member. 

20 75. An apparatus for forming a welbore casing in a borehole located in a 
subtenanean formation induding a preexisting weilbore casing, comprising: 
a support member induding a first fluid passage; 
an expandable expansion cone coupled to the support member induding a 
second fluid passage fluldidy coupled to the first fluid passage;* 
25 an expandable tubular UnermovaUycouplad to the expansion cone; and 

an expandable shoe coupled to the 6xpandat>le tubular liner comprising: 

a valveabie fluid passage for contpoilng the flow of fluidic materials out 

of the expandable shoe; 
an expandable portion hdudbig one or more inward folds; and 
30 a remaining pcvtion coupled to the expandable portion; 

wherein the outer drcumference of the expandable portion is greater 
than the outer drcumference of the remaining portion. 

76. A shoe, comprising: 
35 an upper annular portion; 
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an intemiediate annular portion coupled to the upper annular portion Induding 

one or more Inward folds; and 
a lower annular portion coupled to the Intemrtediate portion including a 

valveable fluid passajge for controlling the flow of fluidic materials out of 
5 the shoe; 

wherein the intemiediate annular portion has an outer drcumferenoe that is 

larger than the outer drcumfmnces of the upper and lower annular 

portions. 

10 77. A method of forming a wellbore casing In a subterranean fbmiation having a 
preexisting weiit>ore casing positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic nriaterial 
into the shoe; 

IS lowering the expansion cone into the radially expanded portion of the shoe; 

radially expariding ttie expansion cone; 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone; and 

overiapping a portion of ttte radially expanded tubular liner with a portion of the 
20 preexisting welibore casing: 

wherein the inside diameter of ttie radially expanded shoe is greater than or 
substantially equal to ttie inside diameter of ttie radially expanded 
tubular liner, and 

wherein ttie inside diameter of ttie radially expanded tubular liner Is 
25 substantially equal to or greater ttian ttie inside diameter of a nonoverlapping 

portion of the preexisting wellborB casing. 

78. An apparatus for fonning a wellbore casing in a subterranean formation having a 
preexisting wellbore casing positioned in a borehole, comprising: 
30 means for instolling a tubular liner, an expanston cone, and a shoe in the 

tx>rBhole; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

material into ttie shoe; 
means for lowering ttie expanston cone into tiie radially expanded portion of the 
35 shoe; 

means for radially expanding ttie expansion cone; 
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means for radially expanding at least a portion of the tutxilar liner by injecting a 
flukJic material into the borehole t>dow the radially expanded expansion 
oone; 

means for radially expanding at least a portion of the prsexisting welltxm 
casing; and 

means for overlapping a portion oT the radially expanded tubular liner with a 

portion of the preexisting wellbore casing; 
wherein the inside diameter of the radially expanded shoe is greater than or 

substantially equal to the inside diameter of the radially expanded 

tubular liner, and 
wherein the inside diameter of the radially expanded tubular liner Is 

substantially equal to the inside diameter of a nonoveriappmg portion of 

the preexisting wellbore casing. 

79. A wellbora casing positioned in a borehole wittiin a subtenanean formation, 
comprising: 

a first weiltxMB casing; and 

a second wellbore casing coupled to and overlapping wtth ttie first wellbore 
casing; 

wherein the second wellbore casing is coupled to the first wellbore casing by 
the process of: 

installing ttie second wellbore casing, an expansion cone, and a shoe in 
ttie borehole; 

radially expanding at least a portion of ttie shoe by injecting a fluidic 

material Into ttie shoe; 
lowering ttie expansion oone Into ttie radially expanded portion of ttie 

shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the second wellbore casing by 
injecting a fluidic material into ttie borehole below ttie radially 
expanded expansion cone; and 

overiapping a portion of the radially expanded second wellbore casing 
with a portion of ttie first wellbore casing; 
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wherein the inside diameter of the radially expanded $hoe is greater 
than or substantiaily equal to the inside diameter of the radially 
expanded second weilbore casing; and 

wherein the inside diameter of the radially expanded second weilbore 
casing is substantially equal to the inside diameter of a 
nonoverlapping portion of the first weilbore casing. 

80. A method of fbnning a tubular structure in a subterranean formation having a 
preexisting tubular member, positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially exparnjing at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

lowering the expansion cone into the radially expanded portion of the shoe; 
radially expanding the expansion cone; 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the radially expanded expansion cone; 
and 

overtapping a portion of the radially expanded tubular liner with a portion of the 
preexisting tubular member to provide a load bearing interface and a 
fluidic seal; 

wherein the inside diameter of the radially expanded shoe is greater than or 

substantially equal to the inside diameter of the radially expanded 

tubular linen and 
whmin the Inside dlam^r of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonovertapping portion of 

the preexisting tubiilar member. 

81 . An apparatus for fonming a tubular structure in a subterrarman tbnnation having a 
prsexisling tubular member positioned in a borehole, comprising: 

means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole; 

means for radially expanding at least a portion of the shoe; 
means for lowering the expansion cone into the radially expanded portion of the 
shoe; 

means for radially expanding the expansion cone; 

means for radially expanding at least a portion of the tubular liner; and 
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means for overlapping a portion of the radially expanded tubular liner with a 

portion of the preexisting tubular member to provide a load bearing 

Interfeoe and a fluidic seat; 
wherein the inside diameter of the radially expanded shoe is greater than or 

substaritlaRy equal to the inside diameter (rf the radially exparided 

tubular liner, and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the Inside diameter of a nonoveriapping portion of 

the premisHng tubdar member. 
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82. A tubular structure positioned in a borehole within a subtemanean formation, 
comprising: 

a first tubular member and 

a second tubular rnember coupled to and overlapfring with the first tubu^^ 
15 member, 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

installing the second tubular member, an expansion cone, and a shoe in 
the borehole; 

20 radially expanding at least a portion of the shoe by injecting a fiuldic 

material Into the shoe; 
lowering the expansion cone into the radially expanded portion of the 
shoe; 

radially expanding the expansion cone; 
25 radially expanding at least a portton df the second tubular member by 

injecting a fluidic material Into the borehole below the radially 
expanded expansion cone; and 
overlapping a portion of the radially expanded second tubular member 
with a portion of the first tid)ularmerrtber; 
30 wherein the inside diameter of the radially expanded shoe is greater 

thari or substantially equal to the inside diameter of the radially 
expanded second tobuiar member, and 
wherein the inside diameter of the radially expanded second tubular 
member is sut>stentially equal to the inside diameter of a 
35 nonoveriapping portion of the first tubular member. 
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